Background: Despite advances in the management of and changes in clinical practice, little is known about the epidemiology, patterns of care and outcomes of gastrointestinal stromal tumour (GIST) patients in the UK. Patient registries are receiving increasing attention as they can provide important information on clinical practice and patient outcomes. The rationale and study design of the GIST Epidemiology and Management (GEM) Registry, which forms part of the routine clinical practice for GISTs in several UK centres, are described.
positive and desmin negative (Fletcher et al, 2002; West et al, 2004; Miettinen and Lasota, 2006a) . Around 85% of GISTs have activating mutations in KIT or PDGFRA genes. The other 15%, defined as 'wild type', may have alterations in BRAF, IGFR-1 and succinate dehydrogenase (Corless et al, 2011) .
The median age of presentation of GISTs is in the seventh decade. GISTS are uncommon below the age of 40 years. Some studies have suggested a slight male predominance in adult sporadic GISTS, whereas paediatric and adolescent GISTS have a female preponderance (Kim et al, 2010; Call et al, 2012) . The estimated annual incidence of GISTS is 11.5-15.0 cases per million per year, but the true incidence may be higher (Kim et al, 2005; Nilsson et al, 2005; Tryggvason et al, 2005) . GISTS most commonly arise from the stomach, followed by the small bowel, colon, rectum and oesophagus. Metastatic spread is often to the liver and peritoneum and less commonly to the bones and lungs (DeMatteo et al, 2000; Burkill et al, 2003) .
The last two decades have witnessed a rapid progress in the understanding of the biology and treatment of GISTS. Constitutive activation of KIT has an important role in the growth and survival of GISTS (Hirota et al, 1998) . This led to the rapid discovery of the tyrosine kinase inhibitor (TKI) STI 571 (imatinib) and the first patient was successfully treated in 2000 (Joensuu et al, 2001) . Imatinib is now well established as first-line therapy for metastatic/ inoperable GISTS and the National Institute for Health and Clinical Excellence (NICE) approved its use for patients with KIT-positive unresectable/metastatic GISTS in 2004 (National Institute for Clinical Excellence, 2004; Heinrich, 2010) . Second-line treatment with sunitinib in patients who are either intolerant to or progressed on imatinib has been shown to improve survival and was approved by NICE in 2009 (Demetri et al, 2006; National Institute for Health and Clinical Excellence, 2009 ). Resistance to TKIs is almost inevitable and there is desperate need for newer agents in patients with metastatic GISTS.
Despite the advances in the management of GISTs, little is known about the epidemiology, patterns of care and outcomes of GIST patients in the UK. There has been some progress in countries, for example in the USA, Poland, and Czech Republic, in gathering some tumour registry data (Brabec et al, 2009; Chacon et al, 2010; Pisters et al, 2011) . NICE, as part of the technology assessment guidance issued in 2004 and 2009, has recommended that further data on the epidemiology, treatment and outcomes of GISTS should be captured in the UK (National Institute for Clinical Excellence, 2004; National Institute for Health and Clinical Excellence, 2009) . Patient registries are receiving increasing attention as they can provide information on the referral pathways, clinical practice and treatment variations, and more importantly, on outcomes such as time to progression and overall survival (Gliklich and Dreyer, 2010) .
The aim of this paper is to describe the rationale and study design of the GIST Epidemiology and Management (GEM) Registry, which forms part of the routine clinical practice for GISTs in several UK centres. The registry is designed to further characterise patients with GISTs and to provide comprehensive data to improve understanding of the incidence, treatment and outcomes of GISTs in the UK.
MATERIALS AND METHODS
Objectives. The primary objectives of the GEM Registry is to obtain robust estimates on the incidence, prevalence, recurrence and survival and mortality rates for GIST in the UK, and to record and analyse the progression of patients with advanced disease. The GEM Registry will also facilitate the optimisation of TKI therapy (e.g., relationship between mutation type and therapy), and elucidate longer-term benefits of TKI treatment (i.e., overall survival) in a UK population. The secondary objectives are to promote improvements in the treatment for GISTs by recording and analysing their clinical presentation; current treatment practices in the UK; whether the current prognostic criteria (Miettinen and Lasota, 2006b ) are being used to determine risk stratification; and whether current treatment guidelines are being adhered to.
Overview of system. The GEM Registry is a web-based registry system that has the capacity to store a centre's data on patient characteristics, treatment and clinical outcomes on the local hospital server, or, alternatively, for centres treating fewer GIST patients, at the server maintained by the commercial host. Clinicians are able to access the system from anywhere by logging in via the hospital intranet. Periodically, at least monthly if new data are available, locally stored information is uploaded to the central UK GIST Registry (National Data set) held on the host server.
All centres that treat GIST patients will be invited to participate, and all patients, including paediatric patients with histologically confirmed or suspected GIST, are eligible for enrolment. Data from patients with suspected GIST will be captured, analysed and reported separately. The initial phase will be focusing on the centres represented by the authors with the aim to roll out to the other centres by 2014. Central pathology review will be undertaken as per standard UK GIST guidelines through the specialist multidisciplinary meetings at each centre. Six centres in the UK have been accredited to perform the mutational analysis. GISTs have a separate pathology SNOMED code that can be used to identify patients from smaller centres who may not be entered into the registry.
Database design. The GEM database has been designed around a Microsoft Access (MSACCESS) core using a SQL interface from specifically designed Active Server (asp) web pages (Figure 1 ). There are two main data input pages, for clinical (basic; Figure 2 ) and pathological (extended) data, together with facilities for reviewing historical records for each patient and generating realtime reports on the current database content. User access to the system is password protected and has multiple levels of privilege for data editing, record deletion, transmission to the central server, creation of new user accounts and so on. Wherever possible, the interface pages provide real-time assistance with data input, by providing reminders for mandatory fields, acceptable ranges for numeric fields, calendar support for dates and drop-down boxes for most text input.
Steering committee. The registry is regulated by the UK GEM Registry Steering Committee, comprised of recognised experts in GIST (please see authors). Addenbrooke's Hospital, Cambridge has been designated as the owner of the UK GEM Registry National Data set by consensus agreement of the Steering Committee. The Steering Committee reviews the requests for access to the registry. Each request is carefully reviewed on a case by case basis and appropriate access granted for ethically approved research projects. The sponsor, Novartis Pharmaceuticals, has no automatic access to the registry or the biospecimens stored as part of the GIST biobank.
Data collection. All participating centres will capture a skeletal (minimum) data set for each patient (Table 1) , which includes the demographics, tumour characteristics and date of entry into the registry. The data captured will be updated appropriately based on each patient's clinical management. For those centres willing and able to, an extended data set is available to capture further pathological details (Table 2 ). All adverse events and any pregnancies occurring while on treatment are to be captured and reported, as per standard clinical practice.
Ethical considerations. The UK GEM Registry will be implemented and reported in accordance with applicable local regulations and with the ethical principles laid down in the Declaration of Helsinki. Ethical approval has been granted centrally for the registry via the National Research Ethic Service, as there is intent to combine, collate, analyse and publish the data captured by the system. Eligible patients may only be included in the study after providing written, informed consent.
Piloting of the UK GEM Registry. The UK GEM Registry has been piloted on a secure, dedicated, development server, with clinicians treating GISTs from the major centres in the UK being provided a user name and password to access the system. Piloting has allowed GIST clinicians using the registry to test the software in situ and to test the various functions of the registry in order to identify any areas for improvement. Clinicians were instructed to refrain from using real patient data, to experiment with all fields and areas within the registry, to frequently revisit the web page to ensure updates and modifications were processed, and to then feedback any comments and/or modifications to the software. Any suggested modifications were agreed by the Steering Committee before implementation on the website. Data security and integrity. All data collection forms and data reports include the subject's local study identification number (NHS number or equivalent) and a unique UK GEM Registry sequence number. All data collected locally on individual patients will be transmitted centrally alongside this GEM Registry sequence number but without any other patient identifier, to ensure anonymity.
The GEM Registry is set up both locally and centrally with privilege levels appropriate to the status and seniority of the user. Access to the system is limited to individuals having access to the local intranet and governed by a personal user name and password. Reminders are automatically generated on a monthly basis for users to renew their password. An algorithm has been implemented to assess password strength in real time, and thereby assist the user to maximise security of the database. Only administrators with the highest level of privilege are permitted to add new user accounts and transmit data to the central server. Data transmission to and from the central server is predicated on the implementation of a password protected secure server protocol with data encryption.
Data clerks, nurses and clinicians at each participating centre have attended training sessions to ensure data accuracy. Every unit has had at least half a day's training on the use of the registry tool. In addition, training on various aspects of the registry has been supplemented by the provision of a user guide (Table 3 ). E-mail and telephone support has also been provided. There will be ongoing training and support for any newly recruited centres.
Drop-down boxes, calendars and numeric limits in the web-based software interface reduce the likelihood of human error. Periodic on-site quality assurance checks are maintained, together with continuous statistical comparisons of local data between centres to warrant data consistency. To ensure data are updated on a regular basis, user accounts identified as being inactive for prolonged periods will be issued automatic reminders to log into the system. The central system will continuously flag up multiple common fields between cases to eliminate the possibility of duplicated patient records.
Statistical analysis. Central analyses are carried out on a periodic basis, as new data are assembled. These analyses are designed to highlight the data shown in Table 4 in the aggregated and anonymised UK data set.
Current status. The UK GEM Registry has currently been implemented or is in the process of being implemented at 10 major GIST centres in the UK (including those represented by the authors). Following an interim review of the data at six months, the registry will be rolled out to the smaller centres. The first publication reporting analyses of the central data set is anticipated for the autumn 2013. A GIST biobank has been set up in 2012 as a separate project. Ethics approval has been granted. All registered patients will be invited to give informed consent for the tumour specimens to be stored. This has the full support of the patient community and is endorsed by GIST Support UK.
DISCUSSION
Although data on the epidemiology of GIST have advanced in recent years, comprehensive epidemiological data on GISTs in the UK are lacking. There is therefore a clear need-recognised by specialists throughout the UK-for a specific GIST registry. The information collected from the UK GEM Registry will provide important insights into the incidence, prevalence, recurrence, survival and mortality rates of GISTs, as well as treatment practices throughout the UK, thereby enabling therapeutic intervention to be evaluated and ultimately optimised. The registry will also enable clinicians to review the prognosis of different patient groups and identify long-term therapeutic benefits of TKI treatment which have, to date, been difficult to estimate in the UK. In addition, the data can be used for planning and improving the quality of care delivery. This information may help to inform clinical practice and, in years to come, guide the development and implementation of clinical trials for novel TKIs. The insights gained from the web-based GEM Registry data will not only benefit individuals with GISTs, but also serve as a basis for the study of other rare tumour types. This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the license terms will switch to a Creative Commons AttributionNonCommercial-Share Alike 3.0 Unported License.
